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[57] ABSTRACT 
A coextruded heat sealable ?lm made with nonoriented 
polyester and a heat seal layer comprising about 50% to 
about 80% of a copolyester and about 20% to about 
50% of an ole?n polymer is disclosed. In one preferred 
embodiment the polyester base layer includes from 
about 1% to about 5% of a polyolefm, LLDPE being 
preferred; and in another preferred embodiment the 
polyester base layer comprises a resin which is a nonori 
ented ?lm form has a tensile strength of 7,000 psi or 
more. The heat scalable ?lm can be laminated with 
aluminum foil, paper, etc. to form a composite which is 
heat scalable, useful in pouches and lidding stock. The 
heat seal layer using about 30% to about 40% LLDPE ‘ 
as the ole?n polymer is particularly useful when the film 
is laminated to aluminum foil and heat sealed as lidding 
stock to crystallized CPET trays. 

19 Claims, 2 Drawing Sheets 
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NONORIENTED POLYESTER FILMS FOR 
LIDDING STOCK WITH MODIFIED HEAT SEAL 

LAYER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of copend 
ing application Ser. No. 07/050,166, entitled, “Tough 
Nonoriented Polyester Films,” ?led May 14, 1987 now 
abandoned, which in turn is a continuation-in-part of 
application Ser. No. 06/759,391, entitled “Polyester/ 
Copolyester Coextruded Packaging Film,” ?led July 
26, 1985, now U.S. Pat. No. 4,765,999. This application 
is also a continuation-in-part of copending application 
Ser. No. 07/067,672, entitled Nonoriented Polyester 
Films For Lidding Stock, ?led June 26, 1987, which in 
turn is also a continuation-in-part of copending applica 
tion Ser. No. 07/050,166. 

BACKGROUND OF THE INVENTION 

The present invention relates to ?lms made of nonori 
ented polyester, and more speci?cally to nonoriented 
coextruded ?lms which further include a heat seal layer 
which comprises both copolyester and a polyole?n. 

Biaxially oriented polyethylene terephthalate, com 
monly referred to as “oriented polyester” or “OPET”, 
is a common packaging ?lm with over 200 million lbs. 
used annually. OPET is used for a Wide variety of pack 
aging applications, both alone and in combination with 
other materials (lamination) such as snack food packag 
ing, adhesive labels, lidding, pouches, medical device 
packaging, and packaging for luncheon meat, cheese, 
bacon, and the like. 
OPET ?lms are manufactured by an orientation pro 

cess utilizing tenter frame or “double bubble” tech 
niques. Tentering of plastic ?lms is illustrated in U.S. 
Pat. No. 2,823,421 and double-bubble orientation is 
illustrated in U.S. Pat. No. 3,555,604. U.S. Pat. Nos. 
4,141,736 and 4,207,363 describe oriented ?lms made 
using the tenter and double bubble processes, respec 
tively. The orientation process comprises the steps of 
(l) extruding a thick web and cooling to a solid state; (2) 
precise reheating of ?lm to the “orientation” tempera 
ture, (3) stretching the ?lm in both longitudinal and 
transverse directions, and (4) reheating the ?lm to re 
lieve internal stresses. The process of orientating poly 
ester is very complicated, requiring very expensive 
equipment and several highly skilled operators. 

This is in contrast to the process used to make many 
other commodity plastic packaging ?lms such as poly 
ethylene. Polyethylene ?lm is commonly produced by 
blown or cast ?lm extrusion techniques. Such ?lms, 
while being easier to make, do not have the properties 
of toughness or stiffness which make polyester a fa 
vored packaging ?lm for use in ?exible packaging appli 
cations. 

Prior to this invention and recent developments of 
new polyester resins, polyester ?lm produced without 
orientation yielded a very brittle ?lm of limited use in 
?exible packaging. Various modi?cations have been 
made to nonoriented polyester ?lms to improve its 
properties. One example where the polyester is modi 
?ed to improve its processability in slow cooling of 
thick ?lms is disclosed in U.S. Pat. No. 4,175,147. This 
patent discloses single layer nonoriented ?lms com 
prised of 97.5% to 99.9% w/w of PET blended with 
25%-0.1% of polycarbonate. Such ?lms, however, are 
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2 
not described as having any toughness above that of 
nonoriented 100% PET ?lms of similar thicknesses and 
intrinsic viscosities. 

Oriented polyester ?lms often include a heat sealant 
layer, and are then used in many ?exible packaging 
applications. Oriented heat sealable polyester ?lms are 
commercially available whereby the heat sealant is 
applied as a coating. OL MYLAR and SCOTCHPAK 
are examples of heat sealable OPET ?lms having the 
heat sealant applied as a coating. OL MYLAR is a 
registered trademark of E. I. DuPont de Neumours and 
Company. SCOTCHPAK is a registered trademark of 
The 3M Company. 
Most heat seal coatings consist of a polymer dissolved 

in a solvent such as methyl ethyl ketone, toluene or 
ethyl acetate. The solutions are applied as a dispersion. 
The solvent is subsequently evaporated by passing the 
web through an oven. This necessitates the need for 
disposing of or recovering the often hazardous solvents. 
Furthermore, often a small amount of the solvent re 
mains with the coating, commonly referred to as “re 
tained solvents”. Retained solvents are a concern when 
packaging food or medical products. 
MELINEX 850 is an example of another heat seal 

able OPET ?lm. MELINEX is a registered trademark 
of Imperial Chemical Industries, Ltd. It is belieVed that 
U.S. Pat. No. 4,375,494 discloses the method of making 
MELINEX B50. The ?lm is made by coextruding a 
polyester base layer and a heat seal layer, orienting the 
coextruded layers using biaxially orientation tech 
niques, and then heating the resulting ?lm to a tempera 
ture below the crystalline melting point of the oriented 
polyester but at which the heat seal layer looses its 
orientation to become an amorphous heat sealable layer. 
Heat seal layers are also known on nonoriented multi 

layer ?lms, including PET, such as that disclosed in 
U.S. Pat. No. 4,389,450. This patent discloses a multiple 
layer heat sealable packaging sheet. The base layer 
(nonsealant layer) comprises a blend of 25%—75% of a 
polymer with coefficient of friction (COF) of less than 
about 2, including ethylene copolymers, polyester, 
polypropylene nylon. The blend also includes 
25%-75% of a polymer with a COF greater than 2, 
including ethylene acrylic acid, ethylene methylacry 
late, ethylene ethyl acrylate, ethylene vinyl acetate, and 
ionomer. Films made according to U.S. Pat. No. 
4,389,450 containing 25% ole?nic material blended into 
polyester do not yield the toughness of ?lms of the 
present invention. 

In application Ser. No. 06/759,391, the grandparent 
application for this case, now U.S. Pat. No. 4,765,999, a 
nonoriented coextruded heat sealable ?lm is disclosed. 
A copolyester used in the heat seal layer was found to 
provide exceptional heat seal properties, especially 
when the ?lm was laminated to a paper web and used to 
make microwave popcorn popping bags. For that use, 
the base polyester layer was not required to have, nor 
did it haVe, any particular toughness characteristics 
when made into thin ?lms. In copending application 
Ser. No. 07/050,l66, one of the parent applications for 
this case, nonoriented tough polyester ?lms are dis 
closed. The coextrusion of such ?lms with heat seal 
layers (as discussed below) is also disclosed. In copend 
ing application Ser. No. 07/067,672, the other parent 
application for this case, the use of new resins for ?lms 
similar to those described in Ser. No. 07/050,l66 are 
disclosed. 
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Heat scalable ?lms are often laminated to other mate 
rials for particular applications. For example, two com 
mon means of packaging are the use of a heat sealed 
pouch (such as in powdered soft drink mixes) and plas 
tic containers with a peelable lid (such as in yogurt, 
individual servings of jams and jellies, etc.) The pouch 
or lidding material is often a composite structure 
formed by (l) laminating printed paper or aluminum foil 
to oriented PET ?lm and (2) applying a heat seal coat 
ing to the laminated structure. 
The lamination is typically made by placing an adhe 

sive layer on the paper, aluminum foil, or even the 
oriented PET ?lm and then laminating the two webs of 
material together. Such adhesive lamination techniques 
are well known. An alternative to adhesive lamination 
is extrusion lamination whereby the webs are bonded by 
a polymer extruded hot onto one of the webs. Extrusion 
lamination techniques are also well known. 
The second step in producing typical ?exible packag 

ing stocks is application of the heat sealant by means of 
coating. The sealant coating can be applied by dis 
solving a heat scalable polymer in a solvent. and‘ apply~ 
ing it to the surface of the laminate. The laminate is then 
passed through an oven to evaporate the solvent. The 
polymer, which does not evaporate, forms a uniform 
heat seal coating on the structure. A small amount of 
retained solvent often remains in the coating just as 
when a heat seal coating is applied to single layer 
OPET. 

Besides the problem of retained solvents, such lami 
nates are also expensive in that they use oriented films 
and require two converting steps to produce. 
A leading candidate for a dual ovenable (convection 

and microwave) container for storing and cooking food 
products is crystallized copolyester (CPET). Trays of 
this material are manufactured by Mullinix Packages 
Incorporated, 3511 Engle Road, Fort Wayne, Ind. 
46809. A lidding stock for such a tray must be heat 
scalable, but the heat seal strength must not be greater 
than internal layer strengths, such as lamination layer 
strengths, or the lidding stock will delaminate rather 
than peel off the tray. 

SUMMARY OF THE INVENTION 

The present invention includes a coextruded polyes 
ter ?lm which is produced by conventional ?lm extru 
sion methods and which has a heat seal layer which 
includes a blend of copolyester and polyole?n. 
The base layer of the ?lm is nonoriented polyester. 

Preferred base layers are comprised of either polyester 
with 1%-5% of an ole?nic polymer blended therein or 
recently developed polyester resins, either with or 
without ole?nic polymers blended therein. The heat 
sealant layer is comprised of a blend of about 50% to 
about 80% copolyestcrs and about 20% to about 50% 
polyole?n. The ole?n used in the heat seal layer is not 
necessarily from the same group of ole?nic polymers 
used as the additive in the preferred base layer. 
The multiple layer heat scalable polyester ?lms of the 

invention can be produced on conventional ?lm extru 
sion equipment, which costs signi?cantly less than ori 
entation equipment and is easier and less costly to oper 
ate. 

In addition, the non-oriented heat scalable coex 
truded polyester ?lms of this invention demonstrate 
several advantages over oriented heat scalable polyester 
?lms: (l) the ?lms of this invention can be formed into 
shapes by heat and/or pressure; (2) they exhibit better 
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tear resistance; (3) they exhibit better heat seal proper 
ties; and (4) they exhibit better surface receptivity to 
inks, adhesives and the like. Furthermore, compared to 
oriented heat sealable polyester ?lms whereby the seal 
ant is applied as a coating, the ?lms of this invention 
have the following additional advantages: (1) they can 
be made in one manufacturing step and (2) the sealants 
contain no retained solvents. 
The heat scalable, non-oriented coextruded polyester 

?lms of this invention can be laminated to paper, alumi 
num foil, or another ?lm to form pouch or lidding 
stocks. The use of the ?lms of this invention to produce 
the pouch or lidding material does not require the usual 
step of applying a heat seal coating to a laminate of 
oriented PET ?lm. Elimination of the coating step sim 
pli?es the process of making the composite structure 
and often reduces costs. 

In addition, these composites are superior to heat 
scalable composites which incorporate a heat sealant 
applied as a solvent based coating in that they: (1) elimi 
nate the coating step; (2) eliminate the need to handle 
solvents and (3) eliminate retained solvents in the heat 
sealant. 

Further, the heat seal layer of the present invention 
has been found to provide a peelable bond to crystal 
lized CPET trays which is just below the lamination 
bond strength of the ?lm laminated to aluminum foil. 
Thus, when aluminum foil is laminated to the ?lm and 
the laminate is heat sealed to CPET trays, the heat seal 
will peal rather than being so strongly adhered to the 
CPET that the aluminum foil delaminatcs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a multilayer ?lm including a nonori~ 
ented polyester layer and modi?ed heat seal layer of the 
present invention in a two-layer “AB” structure. 
FIG. 2 shows a multilayer ?lm of the present inven 

tion, a three-layer “ABC” structure. 
FIG. 3 illustrates a prior art ?exible packaging struc 

ture comprised of an adhesive or extrusion lamination of 
OPET ?lm to aluminum foil, paper or ?lm with a heat 
seal coating applied to the laminate. 
FIG. 4 shows a ?exible packaging structure of the 

present invention comprised of an adhesive or extrusion 
lamination of the ?lms of the present invention to a web 
of aluminum foil, paper or ?lm. 
FIG. 5 shows a graph plotting seal strength of ?lms 

of the present invention as a function of sealing temper 
ature for ?lms with heat seal layers containing different 
levels of polyole?n. 
FIG. 6 shows a graph plotting seal strength of ?lms 

of the present invention as a function of sealing temper 
ature for two different sealing dwell times and for ?lms 

' with heat seal layers containing two different levels of 
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polyole?n. 

DETAILED DESCRIPTION OF THE 
DRAWINGS AND PREFERRED 

EMBODIMENTS OF THEINVENTION 

The ?lms of the present invention include a nonori 
ented polyester base layer and a heat seal layer. The 
following ?ve examples give details of various base 
layers and their properties. The base layer in its simplest 
form is a nonoriented polyester. However, preferred 
base layers form tough, nonoriented ?lms which may be 
made of a blend of polyester containing about 1% to 
about 5% of a polyole?n. (Unless otherwise speci?ed, 
all percentages are weight percents.) The ?lm is be 
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tween about 0.5 mil and about 5 mil thick. The follow 
ing examples describe ?lms which could be used as a 
base layer in coextruded ?lms of the present invention. 

EXAMPLE 1 (BACKGROUND) 
A polyester polymer was extruded using the conven 

tional chill roll cast ?lm process. Speci?cally, a polyes 
ter polymer characterized by an intrinsic viscosity (IV) 
of 0.95 was used. The commercial polyester used was 
Goodyear 9506B manufactured by Goodyear Chemical 
Company. The polyester was placed into a 2%” diameter 
extruder and extruded through a coathanger style cast 
?lm die onto a chrome plated, water cooled chill roll. 
The resultant ?lm was wound onto a roll using a con 
ventional ?lm winding system. The ?lm had a thickness 
of 1.0 mil (0.001 inches). 

EXAMPLE 2 (BACKGROUND) 
The ?lm of Example 1 except 1% linear low density 

polyethylene (“LLDPE”) was blended with the polyes 
ter prior to extrusion. The LLDPE used was Dowlex 
2045, manufactured by The Dow Chemical Company. 

EXAMPLE 3 (BACKGROUND) 
The ?lm of Example 1 except 3% LLDPE was 

blended with the polyester. 

EXAMPLE 4 (BACKGROUND) 
The ?lm of Example 1 except the 5% LLDPE was 

blended with the polyester. 

EXAMPLE 5 (BACKGROUND) 
The ?lm of Example 4 except a 0.80 IV polyester was 

used. In particular, Goodyear 8006 was utilized. Table 1 
compares the tensile strength, elongation, tear resis 
tance and puncture resistance of the ?lms of Examples 
1-5, and of 1.0 mil OPET ?lm. 

TABLE 1 
Physical Properties of the Films 

from Examples 1-5 
Tear 

% LLDPE Tensile Elon- Resis- Puncture 
in Strength gation tance Resistance 

Poly- ASTM ASTM ASTM ASTM 
Ester D-882 D-882 D-l922 D-1709 

Example 1 0% 5000 psi 5% 5 g 40 g 
Example 2 1% 7000 psi 200% 30 g 60 g 
Example 3 3% 10000 psi 450% 70 g 85 g 
Example 4 5% 10000 psi 450% 70 g 85 g 
Example 5 3% 6000 psi 200% 35 g 55 g 

1.0 mil — 29000 psi 100% 10 g 300 g 
OPET 

Note the surprising increase in all the physical proper 
ties when a small amount of LLDPE is added to the 
polyester. The poor physical properties of the ?lm of 
Example 1 has limited the commercial applications of 
nonoriented polyester ?lms. However, it may have 
utility when used as a base layer in the present invention 
and laminated to other material which will result in 
adequate toughness. 
Note that beyond approximately 3% LLDPE added 

to the polyester, no further improvement in physical 
properties are realized. Also, as the amount of LLDPE 
goes up, the haze level of the ?lm increases, and above 
about 10%, the toughness of the ?lm begins to decrease. 
Therefore, levels of about 1% to about 5% are pre 
ferred. 
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Some copolyesters in a nonoriented state provide 

tougher ?lm than comparable nonoriented polyesters. 
For example, Eastman 6751, a PCTA copolyester, has 
improved toughness over straight polyester. 

Also, even in nonoriented polyesters without 
LLDPE, polyesters with a greater intrinsic viscosity 
(IV) result in ?lms with a greater toughness. Thus, there 
may be nonoriented polyester ?lms made of polyesters 
with an IV of 0.95 or greater and without LLDPE 
which will be suitable in some applications requiring 
moderately tough ?lms. For example, a new Goodyear 
CT1006B polyester with an IV of 1.04 was found to 
provide, without orientation and without the use of 
LLDPE, a ?lm of good toughness. Also, an article 
entitled “DuPont Unveils Toughened Polyester”, pub 
lished in Packaging, pp.84-87 (Jan. 1987), describes a 
new “Selar” polyester which reportedly may be cast 
into moderately tough ?lms. The use of such resins in 
coextruded ?lms is discussed below in more detail. 
The addition of polyole?n has been found to surpris 

ingly improve the toughness of polyesters of a wide 
variety of IV. Low IV polyesters, even when LLDPE 
is added, may not be tough enough for some applica 
tions. Therefore, it is thought that the addition of poly 
ole?n will be most useful when utilizing polyesters with 
an IV of between about 0.7 and about .95. 
The reason why small amounts of polyole?n in the 

polyester provides ?lms of superior toughness is not yet 
fully understood. It is known, however, that in addition 
to LLDPE, ethylene vinyl acetate copolymers 
(“EVA”) also provide similar improvements in the 
toughness of nonoriented polyester ?lms. It is thought 
that the ole?n acts as a nucleating agent which in 
creases the crystallinity, hence toughness, of the ex 
truded ?lm. Since olefms are incompatible with polyes 
ters, they act as sites for formation of crystalline re 
gions. Therefore, it is believed that a wide variety of 
polyole?n may be blended in small amounts in polyester 
?lms and provide similar surprising results. 

It has been found that recent advancements in the 
development of new polyester polymers by manufac 
turers such as Eastman Chemical, Goodyear Chemical 
and E. I. DuPont De Nemours have produced polyester 
resins which yield relatively tough ?lms without orien 
tation or the need to blend in a small amount of ole?n. 
As one example, Goodyear 9506C PET was extruded 
with 0% and 3% LLDPE blended therein. Table 1A 
compares the physical properties of these ?lms com 
pared to conventional cast PET containing 0% ole?n. 

TABLE 1A 

% 
LLDPE TENSILE ELONGA- TEAR 

IN STRENGTH TION RESIS 
POLY- ASTM ASTM TANCE 

POLYMER ESTER D-882 D-882 D-1922 

Example 1 
(95068) 0% 5,000 psi 5% 5 g 
9506C 0% 13,000 psi 460% 58 g 
9506C 3% 13,000 psi 460% 70 g 

Note that the addition of the ole?n still yields improved 
tear resistance, an important property in many applica 
tions such as lidding stocks. 

It is reported that Goodyear’s 9506C resin is a TPA 
based high molecular weight poly(ethylene terephta 
late) resin optimized for high strength and impact resis 
tance for a Wide range of applications including indus 
trial yarns, mono?lament, strapping, and dual ovenable 
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container applications. It is reportedly produced by a 
melt phase polymerization followed by a special sec 
ondary polymerization process for achieving higher 
purity and molecular weights. 
Another example of new PET polymers which yield 

tough ?lm without the addition of ole?ns are SELAR 
PT polymers manufactured by E. I. DuPont De Ne 
mours, hereafter referred to as “DuPont.” SELAR PT 
is a trademark of DuPont. DuPont has claimed that 
?lms produced from SELAR PT polymers yield tensile 
and elongation properties of 7,000 psi and 500%, re 
spectively. 
The tough polyester of both types of ?lms described 

above are preferred for use in the present invention, 
where the tough polyester is part of a coextrusion of a 
heat scalable ?lm. FIG. 1 shows the structure of such a 
?lm, in which a two-layer ?lm is generally designated 
10. Layer 11 of ?lm 10 is a heat sealant layer “A” com 
prising about 50% to about 80% of a copolyester and 
about 20% to about 50% of a polyole?n. Layer 12 of 20 
?lm 10 is the base layer “B” consisting of a polyester 
polymer, preferably either a polyester with a small 
amount of polyole?n blended therein or one of the new 
resins described above. The preferred base layer 12 
provides the ?lm with stiffness, tear resistance and 

. toughness. 

1 Various heat seal layers have been experimented with 
to ?nd suitable heat seal layers that can be coextruded 
with both the polyester-polyole?n blend material as in 
Examples 2-5 and the new resins described thereafter. 
Examples 6-9 illustrate various experimental back 
ground heat sealant combinations and Example 10 illus 
trates a comparative heat sealant for discussing the heat 
seal layers of the present inventions. Tables 2-5 illus 
trate some of the results of the investigation with regard 
to these background and comparative examples. 

EXAMPLE 6 (BACKGROUND) 
A base layer 12 consisting of a polyester/LLDPE 

polymer blend of Example 3 was coextruded with a 
heat sealant layer 11 consisting of a modi?ed ethylene 
vinyl acetate (EVA) polymer. The commercial modi 
?ed EVA used in this example was Plexar 326 (com 
monly used as a. tie layer for polyester base layers), 
manufactured by USI Chemicals Company. The poly 
mer for the base layer 12 was placed into a ?rst extruder 
and the polymer for the heat sealant layer 11 was placed 
into a second extruder and the polymers were coex 
truded through a feedblock and cast ?lm die and then 
quenched on a chilled roll. The resultant ?lm had a total 
thickness of 1.0 mil (0.001 inches), of which 0.8 mil was 
the base layer 12 and 0.2 mil was the heat sealant layer 
11. 

EXAMPLE 7 (BACKGROUND) 
The ?lm of Example 6 except a non-modi?ed EVA 

was used for the heat sealant layer 11. Speci?cally, USI 
3404, manufactured by USI Chemical Company, was 
used for this example. 
Table 2 compares the heat seal properties of the ?lms 

of Examples 6 and 7. 

TABLE 2 
Seal Strength (g/in) for Example 6 & 7 Films 

Film Film Film 
to to to 

Film Polystyrene Polypropylene 

Example 6 1000 g 800 g 900 g 
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TABLE 2-continued 
Seal Strength (g/in) for Examnle 6 & 7 Films 

Film Film Film 
to to to 

Film Polystyrene Polypropylene 

Example 7 600 g 500 g 600 g 

Note that the ?lm using the modi?ed EVA, Example 6, 
exhibits superior sealing properties compared to the 
non-modi?ed EVA of Example 7. This occurs because 
the bond between the heat sealant layer and the base 
layer is weaker for the non-modi?ed EVA of Example 
7 than for the modi?ed EVA of Example 6. When the 
sealed samples are peeled apart, the non-modi?ed EVA 
separates from the base polyester. 
Commonly known tie layers are useful for structures 

when the base layer is coextruded with a noncompatible 
layer (heat seal or otherwise). Three layer ?lms utilizing 
a tie layer allow the use of heat sealant polymers which 
normally form a poor bond to the base polyester, and 
hence have poor sealing properties. 

For example, FIG. 2 illustrates a three-layer ?lm 
generally designated 13. Layer 14 of ?lm 13 is the base 
layer comparable to layer 12 of ?lm 10 (FIG. 1). Layer 
16 is a heat sealant layer comparable to layer 11 of ?lm 
l0. Layer 15 is a tie layer which bonds layers 14 and 16. 
The three-layer approach broadens the selection of 

polymers used for the heat sealant layer of ?lms. The 
following examples further demonstrates this utility. 

EXAMPLE 8 (BACKGROUND) 
The ?lm of Example 6 (FIG. 1) except that an ethyl 

ene - methyl acrylate (EMA) is used as the heat sealant 
layer 11. No tie layer is used between this heat seal layer 
and the base layer 12. 

EXAMPLE 9 (BACKGROUND) 
A base layer 14 (FIG. 2) of the polyester/LLDPE 

blend of Example 3 is coextruded with a tie layer 15 of 
a modi?ed ole?n and a heat sealant layer 16 of EMA. 
The bond of the heat sealant 16 to the base layer 14 of 

Example 9 would be superior to that between the heat 
sealant 11 and the base layer 12 of the ?lm of Example 
8. This is a result of the use of tie layer 15. 
The following example illustrates the use of a copoly 

ester polymer as the heat sealant layer rather than a 
ole?nic polymer used in the previous examples. 

EXAMPLE l0 (COMPARISON) 
A base layer consisting of a polyester polymer char 

acterized by an intrinsic viscosity (IV) of 0.95 with 3% 
LLDPE blended therein was coextruded with a heat 
seal layer consisting of a copolyester. The commercial 
0.95 IV polyester used in this example was Goodyear 
9506B manufactured by Goodyear Chemical Company. 
The copolyester heat sealant layer was poly (ethylene 
co-diethylene terephthalate). One commercial copoly 
ester of this formulation is Kodabond 5116 manufac 
tured by Eastman Chemical Products, Inc. Kodabond is 
a registered trademark of Eastman Chemical Products, 
Inc. 
The use of a copolyester as the heat seal layer has 

advantages over the ole?nic sealants of the previous 
examples when scaling to non-ole?nic substrates, such 
as tubs and trays formed from polyester. To demon 
strate the differences in utilizing an ole?nic heat sealant 
versus a copolyester heat sealant, the ?lms of Example 
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6, containing an ole?nic heat sealant, and of Example 
10, containing a copolyester heat sealant, were sealed to 
seven common materials used for containers. The seal 
strengths are listed in Table 3. 

TABLE 3 
Seal Strengths (gram/inch! 

Sealing Temperature (°F.) 

10 
?lms made of conventional resins. This improved tear 
resistance is manifest in coextruded ?lms comparable to 
the ?lm of Example 10. 

Films of the present invention differ from the heat 

Film Sealed to 200 250 300 350 400 

Example 10 PVC 0 0 700 g 1200 g 1600 g 
Example 6 1300 g 1800 g 1800 g 2000 g 2200 g 
Example 10 PETG — 1100 g 1500 g 2000 g 2500 g 
Example 6 400 g 800 g 900 g 1100 g 1400 g 
Example 10 High Impact 0 0 0 0 0 
Example 6 Polystyrene — 900 g 1150 g 1350 g 1350 g 
Example 10 Polypropylene 0 0 0 0 0 
Example 6 — 200 g 300 g 800 g 900 g 
Example 10 PVDC — 1300 g 1800 g 1800 g 1800 g 
Example 6 -- 1100 g 1250 g 1400 g 1400 g 
Example 10 Crystallized — 100 g 400 g 1000 g 1400 g 
Example 6 Polyester 0 0 0 0 0 
Example 10 High Density 200 g 700 g 1050 g 1150 g 1250 g 
Example 6 Polyethylene 0 0 0 0 0 

Note: Seals made with 0.25" wide seal bar at 40 psi for 0.5 sec. 

Note that the ?lms of Examples 6 and 10 exhibit often 
widely different seal strengths to the various substrates. 
For example, for crystallized polyester trays, the ?lm of 2 
Example 10 would be preferred versus the ?lm of Ex 
ample 6. - 

The ?lms previously described demonstrate superior 
sealing properties compared to commercially available 
heat scalable OPET ?lms. Table 4 compares the seal 
properties of the ?lm of Example 6 to SCOTCHPAK 
?lm when sealed to high impact polystyrene (“HIPS”). 
Table 5 compares seal strength of the ?lm of Example 
10 compared to MELINEX 850 and CL MYLAR 
when sealed to crystallized polyester trays. 

5 

30 

35 
TABLE 4 

Seal Strength lg/in! 
Sealing Temperature (°F.) 

Film Sealed to 250 300 350 400 

Example 6 High Impact 1(X)0 g 1300 g 1450 g 1450 g 40 
SCOTCHPAK Polystyrene 900 g 1100 g 1350 g 1400 g 

NOTE: 
Seals made with 0.25" a wide seal bar at 40 psi for 0.5 sec. 

TABLE 5 “5 

Seal Strength (g/ in) to Crystallized Polyester 
Sealing Temperatures 

300° F. 350° F. 400’ F. 

MELINEX 850 18 g 200 g 300 g 50 
01.. MYLAR 350 g 350 g 545 g 
Example 10 145 g 360 g 1050 g 

NOTE: 
Seals made with 0.25" a wide seal bar at 4-0 psi for 0.5 sec. 

The ?lms previously described demonstrate superior 55 
tear resistance compared to heat scalable OPET ?lms. 
Table 6 compares the tear resistance of MELINEX 850 
and OL MYLAR to the ?lm Example 10 made at a 
thickness of 0.006". 

60 
TABLE 6 

Film Thickness Elmendorf Tear 

MELINEX 850 0.0006" 6 g 
0L MYLAR 0.0006" 6 g 
Example 10 0.0006" 50 g 65 

As shown in Table 1A, the tear resistance of ?lms 
made from the newly developed resins are superior to 

scalable ?lm of Example 10 in that their heat seal layers 
are modi?ed. However, they have toughness and tear 
resistance properties comparable to the previous exam 
ple ?lms with similar base layers. Examples 11-14 give 
examples of ?lms of the present invention. 

EXAMPLE 1 1 

A coextruded heat sealable ?lm of Example 6 except 
that the resin for the heat seal layer 11 consisted of a 
blend of 70% copolyester (Eastman 5116) and 30% 
polyole?n (Exxon 3003.37 LLDPE 3.0 M I Hexene). 

EXAMPLE 12 

The ?lm of Example 11 except that the base layer is 
made of the resin used for the ?lm of Example 1. 

EXAMPLE 13 

The ?lm of Example 11 except that the polyole?n 
used in the heat seal layer was Union Carbide 7028 
LLDPE 1.0 M I Hexene. 

EXAMPLE 14 

The film of Example 13 except that the level of poly 
ole?n in the heat seal layer was 40% instead of 30%. 
The strength of the ?lms of Examples 11 and 13-14 

are comparable to the strength of the ?lms of Example 
6. . 

. When using LLDPE as the polyole?n in the heat seal 
layer, the preferred range is between about 30% and 
40% LLDPE with the remainder of - the heat seal layer 
being copolyester. The preferred copolyester is ethy 
lene-co-diethylene terephthalate. 
While the above examples each use LLDPE as the 

heat seal polyole?n, other polyole?ns such as polyeth 
ylene, polypropylene, EVA, modi?ed EVA and EMA 
are believed to also be useful in the heat seal layer of 
?lms of the present invention. It is expected that when 
using EVA, modi?ed EVA and EMA, amounts in the 
higher end of the range of 20-50% polyole?n will be 
necessary to produce the desired modi?cation of the 
seal strength produced by the heat seal layer. It is ex~ 
pected that lesser amounts of polyethylene and polypro 
pylene will have the desired modifying effect when 
those polymers are used. 
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FIG. 3 illustrates a common construction for a ?exi 
ble packaging materials generally designated by 17. The 
laminate 17 is made from a ?rst web 20 laminated to a 
second web 18 by a lamination bonding layer 19. The 
lamination bonding layer 19 may be either an adhesive 
or an extrusion as discussed in the background section 
of the speci?cation. A heat seal coating 21 is applied by 
solvent coating techniques, also described in the back 
ground section. The heat seal coating 21 of these com 
mon composites often contains retained solvents. 
The ?lms of the present invention can be used to form 

a laminated ?exible packaging stock which can replace 
the laminated and coated stock of FIG. 3 described 
above. For example, FIG. 4 illustrates a laminated stock 
generally referred to as 22, which is another embodi 
ment of the present invention. Laminate 22 is comprised 
of ?rst web 23 laminated to a ?lm of this invention 
designated as 10 from FIG. 1. The web 23 may be alu 
minum foil, paper, oriented polyester, oriented polypro 
pylene or a nonoriented polymer ?lm. Web 23 may also 
consist of a multilayer structure where various func 
tional layers are used to achieve desired characteristics 
in the ?nal laminate. 
The web 23 and ?lm 10 are bonded by either adhesive 

' or extrusion lamination techniques by lamination bond 
ing layer 24, similar to bonding layer 19 of FIG. 3. Since 
?lm 10 already has a heat seal layer, 11, no heat seal 
coating step is necessary as in making structure 17. 

Structure 22 has many advantages over the more 
conventional structure 17: (1) it can be constructed in 
one less manufacturing step, i.e., no heat seal coating 
step; (2) it can often be made at lower cost due to elimi 
nation of the coating step; and (3) the sealant layer 11 of 
structure 22 contains 0% retained solvents. 
The following examples will serve to further describe 

the advantages of ?exible packaging structures pro 
duced with ?lms of the present invention (Examples 18 
and 19) over similar ?lms made without a modi?ed heat 
seal layer (Examples 16 and 17) as well as ?lms made by 
conventional means (Example 15). 

EXAMPLE l5 (COMPARISON) 
This example describes the lidstock produced by well 

known means and illustrated by FIG. 3. Referring to 
FIG. 3, aluminum foil designated as 20, of a thickness of 
0.0003 inches, was ?rst laminated to 0.00048 inch thick 
OPET ?lm 18 by adhesive 19. Subsequently, ethylene 
vinyl acetate polymer dissolved in solvent ethyl acetate 
was coated onto ?lm 18 of the laminate. The laminate 
was passed through an oven wherein the majority of the 
ethyl acetate solvent was evaporated leaving the EVA 
polymer as a uniform heat seal coating, 21. 

EXAMPLE l6 (COMPARISON) 
This example describes the manufacture of a lidding 

stock using the ?lm as described in Example 6, with a 
structure as shown in FIG. 4. The ?lm of Example 6 
was adhesively laminated to 0.0003 inch thick alumi 
num foil. 

EXAMPLE l7 (COMPARISON) 
The structure of Example 16 except the ?lm of Exam 

ple 10 was laminated to 0.0003 inch thick aluminum foil. 

EXAMPLE 18 

The structure of Example 16 except the ?lm of Exam 
ple 11 is laminated to 0.0003 inch thick aluminum foil. 
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EXAMPLE 19 

The structure of Example 16 except the ?lm of Exam 
ple 14 is laminated 0.0003 inch thick aluminum foil. 
The laminate of Example 15 was analyzed by gas 

chromatography for the presence of the solvent ethyl 
acetate and found to contain 2000 mg/ream retained 
solvent. The ?lms of Examples 16-19 have no retained 
solvents. 
The cost of manufacturing the laminate of Example 

15 was approximately 22% more than cost of manufac 
turing the laminates of Examples 16 and 17 and the 
expected cost of manufacturing the laminates of Exam 
ples l8 and 19. 
To demonstrate the comparable functionality of the 

lidding stocks of Examples 15 and 16, the stocks were 
heat sealed to rigid high impact polystyrene (HIPS). 
HIPS is commonly used for the formed containers used 
in the packaging of jams, jellies, ketchup and other 
condiments and foodstuffs. Table 7 contains seal 
strengths data from these examples: 

TABLE 7 
Seal Peel Strength (g/in) 
Examples 11 & 12 to HIPS 

Sealingj'emperature 
300 F. 350 F. 400 F. 

Example 15 800 1100 1500 
Example 16 1200 1400 1630 

Note that the laminate of Example 16 yields slightly 
better seal properties than the laminate of Example 15. 
Laminates made using a base layer of the new resins 
described after Examples 1-5 and the heat seal layers as 
in Examples 16 and 17 would provide results similar to 
those disclosed in Table 7. 
FIG. 5 shows the seal strength of a coextruded ?lm 

with a polyester base layer and a heat seal layer contain 
ing copolyester and either 0%, 30%, or 40% of a poly 
ole?n in the heat seal layer (as in Examples 10, 13 and 14 
respectively), sealed to a one inch wide strip of material 
taken from a crystallized CPET tray. The seal strength 
of all three heat seal layers at 350° F. is adequate and 
desirable. However, the seal strength of the copolyester 
with 0% polyole?n exceeds 3600 g/in when formed by 
using heat sealing temperature of 400° F. and 450° F. 
This is undesirable because the typical bonding strength 
between lamination layers in ?lms of FIG. 4 is in the 
range of 3600 g/in to 4100 g/in. The seal strength of the 
coextrusion to a CPET tray is below this lamination 
bond strength when 30% or 40% of a polyole?n is 
added to the heat seal layer. 
The seal strength of a heat seal layer to a CPET tray 

is dependent on dwell (length of time of applied heat) as 
well as temperature and pressure. The seal strengths 
shown in FIG. 6 exemplify the reason for utilizing vari 
ous percentages of polyole?n in the heat seal layer to 
maintain a safe differential between the lamination bond 
strength and the seal strength of the heat seal la'yer 
sealed to the CPET tray. The differences in the 30% 
and 40% lines for 1 sec. dwell times between FIGS. 5 
and 6 reflect differences in seal strength within the 
range of normal experimental deviation. 
When a polyole?n is added to the copolyester heat 

seal layer, the seal strength to CPET trays is reduced at 
high sealing temperature so that an adequate acceptable 
seal is obtained. Increasing the percentage of polyole?n 
from 30% in Example 13 to 40% in Example 14 reduced 
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the seal strength to within the range of 1230 g/in to 
2180 g/in at sealing-temperatures between 350° F. and 
450° F. These lower seal strengths provide an accept 
able range of seal strengths relative to a typical lamina 
tion bond strength. This lower range may be desirable 
because the lamination bond strength may vary even 
outside the typical range of 3600 g/in to 4100 g/in. 
Another advantage of the ?lms of the present inven 

tion using LLDPE as the polyole?n in the heat seal 
layer is that the ?lms give a better even seal peel and 
leave a residue on the tray rim which is useful as a seal 
integrity indicator. Similar sealing advantages were 
found when heat sealing these ?lms to other materials 
such as PET bottles and PVC containers. 
The preferred embodiments of the invention dis 

closed herein are illustrative of the invention and are 
capable of variation without departing from the scope 
of the invention. It is intended, therefore, that the fol 
lowing claims, including all equivalents, de?ne the in 
vention. . 

I claim: 
1. A coextruded, heat sealable, nonoriented ?lm com 

prising: 
(a) a nonoriented base layer comprising polyester and 
(b) a heat seal layer comprising about 50% to about 
80% copolyester and about 20% to about 50% of 
an ole?n polymer. 

2. The coextruded ?lm of claim 1 wherein the base 
layer comprises a blend of polyester and a polyole?n in 
a ratio of polyester to polyolef'm of between about 99:1 
and 19:1. 

3. The coextruded ?lm of claim 2 wherein the base 
layer polyole?n comprises LLDPE and the ratio of 
polyester to LLDPE is about 97:3. 

4. The coextruded ?lm of claim 1 wherein the poly 
ole?n in the base layer comprises ethylene vinyl acetate 
copolymer. 

5. The coextruded ?lm of claim 1 wherein the ole?n 
polymer in the heat seal layer comprises LLDPE. 

6. The coextruded‘ ?lm of claim 1 wherein the heat 
seal layer comprises about 60% to about 70% of a co 
polyester and about 30% to about 40% LLDPE. 

7. The coextruded ?lm of claim 1 wherein the heat 
seal copolyester comprises ethylene-co-diethylene tere 
phthalate. 

8. The coextruded ?lm of claim 1 wherein the base 
layer comprises a polyester resin which in a nonoriented 
?lm form as ‘a tensile strength of 7,000 psi or more. 
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9. The coextruded ?lm of claim 1 wherein the polyes 

ter of the base layer comprises a TPA based high molec 
ular weight PET resin with a tensile strength, in nonori 
ented ?lm form, of about 13,000 psi. 

10. A composite heat sealable ?exible packaging ma 
terial comprising: 

(a) a heat sealable, coextruded nonoriented ?lm com 
prising: 
(i) a base layer comprising a nonoriented polyester; 
and 

(ii) a heat seal layer on one side of said base layer 
comprising a blend of about 50% to about 80% 
of a copolyester and about 20% to about 50% of 
an ole?n polymer; 

(b) a lamination bonding layer on said base layer 
opposite said heat seal layer; and 

(c) a web of material laminated to said lamination 
bonding layer. 

11. The composite of claim 10 wherein the lamination 
bonding layer comprises an extrusion lamination. 

12. The composite of claim 10 wherein the lamination 
bonding layer comprises an adhesive lamination. 

13. The composite of claim 10 wherein the base layer 
comprises a blend of polyester and a polyole?n in a ratio 
of polyester to polyole?n of between about 99:] and 
19:1. 

14. The composite of claim 13 wherein the base layer 
polyole?n comprises LLDPE. 

15. The composite of claim 14 wherein the ratio of 
the blend of polyester and LLDPE is about 97:3. 

16. The composite of claim 10 wherein the ole?n 
polymer in the heat seal layer comprises LLDPE. 

17. The composite of claim 10 wherein the base layer 
comprises a polyester resin which in a nonoriented ?lm 
form as a tensile strength of 7000 psi or more. 

18. A coextruded, heat sealable, nonoriented ?lm of 
between 0.5 and 5.0 mils in thickness comprising: 

(a) a tough, nonoriented base layer comprising poly 
ester resin with an intrinsic viscosity of between 
about 0.70 and about 0.95 and LLDPE wherein the 
ratio of polyester to LLDPE is between about 99:1 
and 19:1 and 

(b) a heat seal layer comprising about 60% to about 
70% ethylene-co-dietheylene terephthalate and 
about 30% to about 40% LLDPE. 

19. The composite of claim 10 wherein said web of 
material is selected from the group consisting of alumi 
num foil, paper, oriented polyester, oriented polypro 
pylene and nonoriented polymer ?lm. 

* i 1k ll * 


